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Abstract— Modelling the hydro-sedimentary dynamics of highly 
erodible watersheds is a difficult task. Indeed, some conceptual 
models are flawed in highly erodible watersheds. Physically 
based model can be more efficient to model the hydro-
sedimentary dynamics in these cases. 
A physically based model governed by the Saint-Venant 
equations, and the advection equation was therefore created 
under the TELEMAC-MASCARET system. This model is 
composed of two modules: a hydraulic module and a 
sedimentary module. In this study, the hydraulic model and 
especially the infiltration model based on a two layers Green-
Ampt model is implemented. The infiltration depends on the 
initial soil moisture. However, this infiltration model has some 
limitations and cannot be considered as fully predictive. Indeed, 
the initial soil moisture has a significant impact on the simulated 
outlet discharge. Therefore, the main goal of this study is to 
improve the predictability of this initial soil moisture and find if 
a correlation between previous rainfalls, seasonality and initial 
soil moisture exists. 
To carry out this study, the Roubine, a small watershed basin 
tributary of the river the Bléone located on the Draix site in the 
Southern French Alps is chosen. This watershed is a gully-sized 
watershed (0.13 ha) with steep slopes of about 35-45° and low 
vegetation cover (21%). The Roubine is a part of the sub-
catchments monitored for about 30 years by the INRAE 
Observatory of Draix/Bléone. These watersheds, sensitive to 
erosion, have been equipped to monitor discharge and sediment 
concentration at the outlet. The multitude of data measured 
during various seasons over different years are particularly 
interesting for hydrological modelling.  
23 rainfall events corresponding to intense rainfall and 
generating high outlet discharge (2 l/s to about 20 l/s) were 
selected. The selected events cover spring, summer, and early 
fall. For each event, calibration of simulated outlet discharge on 
measured outlet discharge by adjusting the initial soil moisture 
is carried out. From this, the initial soil moisture is deduced for 
each considered event.  
Among the results of this study, the main finding of this study is 
the clear correlation between initial soil moisture and previous 
rainfalls for a specific period. 
I. INTRODUCTION 
The poorly vegetated watershed of the Bléone, the Roubine 
is located at an altitude of 800-900 m on the Draix site in the 
Southern French Alps as Fig. 1 shows. The Roubine is 
characterized by the presence of black marl. The climate is 
Mediterranean mountain with an average rainfall of 900 mm 
per year. Winter is characterized by a period of freeze-
defreeze and low rainfall, spring by a period of more 
sustained rainfall, summer by a period of heavy 
thunderstorms and fall by a period of low but continuous 
rainfall [3]. The two rainiest periods are April/May and 
September/October, October being is the wettest month of the 
year. Usually, only two or three isolated thunderstorms make 
up the rainfall in August [12]. Hortonian runoff is particularly 
associated with Mediterranean and Cevennes-type storms 
with short and very intense rainfall. When the intensity of 
rainfall exceeds the infiltration capacity of the soil, it creates 
a runoff on the slopes [8].  
The climate, the geology and the topography are fully 
involved in natural phenomena encountered in the region. All 
these characteristics make the watershed susceptible to 
erosion and are the cause of variations in initial soil moisture.  
 
Figure 1. The experimental basins of Draix (Mathys et al., 2005) 




Modelling the hydro-sedimentary dynamics of highly 
productive watersheds is part of a natural hazard forecasting 
approach. There are numerous EDF structures located 
downstream of this watershed. In order to prevent damages 
and to protect the EDF structures, it seems interesting to 
estimate the quantity of sediments causing the eventual filling 
of the reservoirs and to predict the arrival of sediments at 
those structures. Establishing a link between precipitation and 
the dynamics of sediment uptake and storage towards the 
hydrographic network is searched. This is the subject of 
modelling.  
 
Conceptual models intent to answer this question. 
MORDOR TS is a software developed by EDF to quantify 
the filling of reservoirs. However, this type of model does not 
allow to easily represent the inflows from highly productive 
sub-basins such as the watersheds located near Draix. 
Physically based models seem to be more appropriate: many 
have been developed in recent years at the watershed scale for 
example CASC2D [10], MIKE SHE [6], WaSiM [18], 
openLISEM [9]. Most of them use kinematic or diffusive 
wave equations to model hydraulic transfers [14]. However, 
this may be insufficient for some cases, especially in the 
presence of debris flows or mudflows [15]. Therefore, a 
physically based model governed by the Saint-Venant 
equations has been created under TELEMAC-MASCARET 
and validated on the Laval [19]. This model is used for this 
study and the Roubine is considered. 
 
The main limitation of the model is the predictability. Indeed, 
this model cannot be considered predictive regarding some 
parameters such as the initial soil moisture, cohesion-shear 
stress and sediment availability. The precise knowledge of 
this hydric state and its consideration in rainfall-flow 
modelling remains one of the current problems in hydrology. 
This study focuses on the initial soil moisture being one of the 
major controlling factors of the runoff process. The moisture 
content of the watershed at the start of a hydrological model 
forecast has a strong influence on the simulated discharge 
[17] [20] [23]. Properly estimating the corresponding state 
variables is crucial for obtaining a suitable simulation. This 
initial soil moisture has already been studied. Usually, field 
measurements are made to determine the initial soil moisture 
[11] [15] [22]. However, in-situ measurements are too 
punctual and difficult to generalize. In this paper, modelling 
is used to determine initial soil moisture.  For each event, the 
initial soil moisture is adjusted to calibrate the simulated 
outlet discharge on measured outlet discharge. Thus, this 
calibration allows to deduce the initial soil moisture for each 
event. Then this initial soil moisture will be related to the 
rainfall that occurs before each rain event. 
 
In this paper, the methodology and a presentation of the 
TELEMAC 2D model above-mentioned are presented. Then 
examples of discharge simulations and initial soil moisture 
results will be presented. 
II. MATERIALS AND METHODS 
A. Method used 
To find a link between initial soil moisture and 
rainfalls/seasonality, it was decided to choose rain events and 
for each one we intent to calibrate the simulated discharge on 
measured flow. These data are taken from Draix-Bléone 
Observatory [4].  
 
These events were selected because they correspond to 
intense rainfalls and generated high outlet discharge for the 
Roubine. Indeed, the model has difficulty to reproduce low 
rainfall events [19]. What was shown on the Laval turned out 
to be also the case for the Roubine. In addition, low 
flows (<2 l/s) are not very interesting for the study, they do 
not cause significant sediment transport. A few extreme 
events per year give most sediment exports at the catchment 
outlet [1]. Therefore, these events cover the period of spring, 
summer and early fall, the most intense rainfalls and highest 
flows occurring in this period.   
 
Then the model is calibrated to reproduce the peak 
discharge. This consists in finding the initial soil moisture that 
minimizes the difference between the simulated and 
measured peak discharges for each selected event.  
If the peak discharge is well reproduced, the rain event is 
considered to deduce link between initial soil moisture, 
seasonality and previous rainfall. Tab. 1 shows the 23 rain 
events selected. 
TABLE 1 EVENTS CONSIDERED  
F. Months G. Date 
H. May I. 11 May 2001, 14 
May 2011, 26 and 29 
May 2012 
J. June K. 5 June 2003, 4 and 5 
June 2007, 10 June 2008, 
22 June 2005, 28 June 
2001 
L. July M. 4 July 2005, 7 July 
2013, 8 July 2004, 13 
July 2011, 16 July 2014, 
25 July 2001, 29 July 
2013  
N. August O. 3 and 5 August 
1998, 18 August 2004, 
20 August 2010 
P. September Q. 11 September 2005 
R. October S. 13 October 2014 
 




B. Modelling with TELEMAC 2D 
A physically based model governed by Saint-Venant 
equations, and the advection equation was therefore created 
under TELEMAC-MASCARET. For this case study the 
V8P2 version of TELEMAC-MASCARET is used and an 
infiltration module has been added. We are considering the 
hydraulic model and especially the infiltration model which 
represents only a vertical infiltration profile in each cell of the 
domain [16]. Therefore, the equations presented will be one-
dimensional equations.  
Eq. 1 represents the Saint-Venant system: 
{  
  𝜕ℎ𝜕𝑡 + 𝜕ℎ𝑢𝜕𝑥 = 𝑅 − 𝐼𝜕ℎ𝑢𝜕𝑡 + 𝜕 (ℎ𝑢2 + 𝑔ℎ
22 )𝜕𝑥 = 𝑔ℎ(− 𝜕𝑧𝜕𝑥 − 𝑆𝑓𝑥)  
 ;                      (1) 
where one has:  
- 𝑔 the gravity constant (m/s2) ; 
- ℎ the water depth (m); 
- 𝑆𝑓𝑥 the friction term according to x axis; 
- 𝑡 the time (s); 
- 𝑢 the flow velocity (m/s); 
- 𝑧 the bottom depth (m); 
- 𝑅 the precipitation rate (m/s); 
- 𝐼 the infiltration rate (m/s). ℎ, 𝑢 and 𝑧 are the unknows. 
The friction term 𝑆𝑓𝑥 is calculated using the Chézy friction 
formula as Eq. (2) shows:   𝑆𝑓𝑥 = 𝑞|𝑞|𝐶2ℎ3 ; (2) 
where one has:  
- 𝑞 is the linear flow rate (m2/s); 
- 𝐶 is the Chézy coefficient (m1/2/s); 
- ℎ is the water depth (m); 
The first equation is the continuity equation and represents 
the water runoff in the watershed. This equation uses the 
infiltration model. It is this infiltration rate that relies on the 
initial soil moisture. 
The Infiltration model (3) is based on Green-Ampt model [7].  
 𝐼 = (1 + ℎ𝑓 + ℎ𝑧𝑓 ) . 𝐾; (3) 
where one has: 
- ℎ𝑓 a constant representing the capillarity head of the 
wetting front (m); 
- ℎ representing the water depth (m); 
- 𝑧𝑓 is the wetting front position (m) which depends on 
the initial soil moisture 𝜃𝑖 , the total cumulative 
infiltration 𝐼𝑡 and the water content of the saturated 
soil 𝜃𝑠 as shown in Eq. 4: 𝑧𝑓 = 𝐼𝑡𝜃𝑠 − 𝜃𝑖 ; (4) 
- 𝐾 the hydraulic conductivity (m/s). 
To estimate the hydraulic conductivity, two layers are 
considered [7]. The thickness of the first layer is noted 𝑍𝑐, its 
hydraulic conductivity 𝐾𝑐 and its porosity 𝜃1 . The second 
layer is considered infinite. Its hydraulic conductivity is noted 𝐾𝑠  and its porosity 𝜃2 . The layers are considered as 
homogenous in the horizontal directions. 
The equivalent hydraulic conductivity 𝐾  depends on the 
position of the wetting front. If the wetting front is in the first 
layer, 𝐾 is equal to a constant corresponding to the hydraulic 
conductivity of the first layer. When the wetting front exceeds 
the first layer, 𝐾 becomes variable as Eq. 5 shows: 
 𝐾 = 𝑧𝑓𝑧𝑓 − 𝑍𝑐𝐾𝑠 + 𝑍𝑐𝐾𝑐 ; (5) 
 
The values retained are the following: 
- 𝑍𝐶 = 0,08 m; 
- 𝜃1 = 0,35; 
- 𝜃2 = 0,25; 
- 𝐾𝑐 = 30 mm/h; 
- 𝐾𝑠 =  1 mm/h. 
The low conductivity of the second layer allows to 
compensate the exfiltration neglected in this model. 
The 𝑍𝑐  value comes from basin measurements [13]. The 
other ones have been chosen to obtain a porous first layer and 
a more structured base layer [1]. 
C. Discretization of the study domain 
To solve the equations (1), the finite volume method is 
chosen. The numerical scheme is the Kinetic scheme [2] 
using Chen and Noelle hydrostatic reconstruction [5]. 
 
SALOME-HYDRO V2.2 is chosen to create the geometry 
and the mesh. To discretize the domain, one 2D triangular 
mesh is applied on the study domain as shown in Fig. 2. 
The interest of this triangular mesh is it allows to faithfully 
represent the geometry of the study area. In addition, a 1D 
sub-mesh of the same size was applied to the polylines 
extracted by computing the flux accumulation method of 
QGIS in order to obtain a better representation of riverbank. 
This stress line represents the hydrographic network 





Figure 2. Bathymetry of the studied area, Paraview 
The mesh size chosen is 20 cm. Fig.3 displays a part of this 
mesh. This mesh size allows to reconcile accuracy of the 
simulated solution and computational time. Mesh sizes of 10 
cm and 50 cm were tested. The advantage of the 50 cm mesh 
size is its computation time, 15 times lower than 20 cm. 
However, the program has difficulties to converge (ill-posed 
problem). On the other hand, a 10 cm mesh size sees its 
computation time increase compared to 20 cm (three times 
higher than that of 20 cm).  
                                                                   
 
Figure 3. Mesh with the hydrographic network, Salomé Hydro 
III. RESULTS 
Not all rain events are well simulated. As previously stated, 
low intensity rain events are difficult to reproduce in their 
entirety. Three examples have been chosen to illustrate this 
point. 
A. Examples of simulations results 
Intense and brief rainfall events are well reproduced as 
shown in Fig.4. An event can be considered as intense when 
the instantaneous rainfall intensity is greater than 
about 40 mm/h.
 
Figure 4. Simulated and measured discharges on May 29, 2012 
For this event, the increase in discharge is in phase with the 
increase in measured flow.  
Nevertheless, the model has difficulty reproducing the 
discharges generated by low (less than 40 mm/h) but 
continuous rainfall.  Fig. 5 presents the simulated and 
measured outlet discharges for a low spring rainfall event. 
 
 
Figure 5. Simulated flow and measured discharge on May 11, 2001 
Furthermore, two consecutive flow peaks are poorly 
reproduced. One is underestimated or overestimated.  If we 
try to represent the maximum flow peak first when there are 
two consecutive flow peaks, the increase of the initial soil 
moisture leads to an overestimation of the second lower peak  
The Fig. 6 presents the result of the simulation of two 
consecutive peaks flows for an intense rainy event. 
 
Figure 6. Simulated flow and measured flow on July 29, 2013 




This difficulty to represent two peaks seems to be even truer, 
the more intense the rains are. For instance, the model seems 
to have difficulties in representing events with one peak due 
to very intense rainfall (instantaneous rainfall greater 
than 80 mm/h) and a second peak due to a less intense 
rainfall. 
B. General Results 
The initial soil moistures of each event are then grouped 
by month and previous rainfall is displayed for each event. 
These results show a strong correlation between initial soil 
moisture and previous precipitation and a specific trend by 
season as Fig. 7 demonstrates. 
 
Figure 7. Initial soil moisture as a function of the month of the year and 
cumulative rainfall 15 days before 
C. Cumulative rainfall and initial soil moisture 
To identify the link existing between cumulative rainfall 
and initial soil moisture, cumulative rainfall over the 30 days, 
15 days, 10 days and 5 days preceding the events are chosen. 
The Fig. 8 and Fig. 9 allow to deduce that the initial soil 
moisture does not be explained by the cumulative rainfall 
over the 5 and 10 days prior to the events considered. 
 
Figure 8. Initial soil moisture as a function of cumulative rainfall over the 5 
days preceding the events considered 
 
Figure 9. Initial soil moisture as a function of cumulative rainfall over the 
10 days preceding the events considered 
At the opposite, if cumulative rainfall over 15 and 30 days 
before the selected events are considered, a logarithmic trend 
curb can be drawn as illustrated in Fig. 10 and 11. Some initial 
soil moistures can be explained by cumulative rainfall. 
 
Figure 10. Initial soil moisture as a function of cumulative rainfall over the 
15 days preceding the events considered 
 
Figure 11. Initial soil moisture as a function of cumulative rainfall over the 
30 days preceding the events considered 
Then, we intent to group the events by periods of the year in 
order to obtain a best logarithmic trend curb.  
 




First only spring events are selected. Regarding cumulative 
over 30 days before, it is possible to draw a trend curb with a 
high correlation coefficient (60 %) as shown in Fig. 12. 
 
Figure 12. Initial soil moisture as a function of cumulative rainfall over the 
30 days preceding the events considered (spring) 
Secondly, the months of end of June, July, August, September 
and early October are grouped and cumulative rainfall over 
15 days preceding the events are considered. This allows to 
explain in the best way the initial soil moisture. Fig. 13 shows 
the curb trend and the correlation coefficient which is about 
47 %. However, the regression is not as good as in spring 
regression. 
 
 Figure 13. Initial soil moisture as a function of cumulative rainfall over the 
15 days preceding the events considered (summer and early fall) 
IV. DISCUSSION 
This work has provided strong trends and restricted the 
initial soil moisture to a much smaller range than before. It 
can be said that the model has gained in predictability. It is 
therefore possible to consider certain ranges of initial soil 
moisture if the model is to be used without having discharge 
measurements, for example on another catchment with little 
vegetation. 
Moreover, this demonstration allowed us to better understand 
the effects of seasonality on this type of watershed with the 
effects of previous rainfall. 
 
     Nevertheless, these results have some limitations.  
The limited number of simulated events can raise the question 
of reliability of inferences. Adding more events would give 
us more confidence in our results. 
In addition, the measured data quality can impact the results. 
Firstly, this is linked to the flow and rainfall measurement 
system. The measurement uncertainties are due to the 
accuracy of the sensors. Float gauges have an accuracy of 
1 cm that leads to an uncertainty on the validated dimension 
which cannot be less than 0.5 cm. Discharges are similarly 
impacted being deduced from water height. For a height of 
less than 30 cm the relative error on the flow is 20 % for 0.5 
cm of error on the level [13]. 
The second reason is related to the recording of the rain gauge. 
As soon as 2 mm of rain have accumulated on it, the trough is 
titled. For low rainfall, the intensity of the rain tends to be 
underestimated. 
Furthermore, the DEM chosen for this model is from 2010. 
The events chosen dating from 1998 to 2013, Roubine 
topography may have evolved between the date of these events 
and 2010. So, it may affect the value of the simulated 
discharge. 
The limitations of the model used can also influence the 
results.  
This model is only 1D vertical, without exfiltration, therefore 
even with a good peak flow setting, the volumes can be wrong. 
The model also considers uniform conductivities and friction, 
which is a significant approximation, even if this allows the 
arrival times of the peaks to be well reproduced. 
The method used also has drawbacks. A rain that occurred 
30 days before is taken as equivalent to a rain that occurred 2 
days before, although this will not have the same impact on 
the initial soil conditions.  
V. CONCLUSION 
The purpose of this study was to improve the predictability 
of the model by trying to establish the relationship between 
season, precipitation and initial soil moisture. The Roubine 
watershed, which is very erosive and poorly vegetated, was 
selected to carry out this study. 
 
The method adopted was as follows. Several intense 
rainfall events with relatively high flows were selected. For 
each rainfall event, the model was calibrated to reproduce the 
peak discharge. This consisted in finding the initial soil 
moisture minimizing the difference between the simulated 
and measured peak discharges. 
 
Simulations showed a strong correlation between previous 
rainfall and initial soil moisture.  
The events that took place in summer and early fall could be 
grouped together to find the relationship between initial soil 
moisture and previous cumulative rainfall. For summer and 
early fall, it is sufficient to consider 15 days of previous 
rainfall. 




The same thing could be done for the months of spring. To 
estimate the initial soil moisture, the cumulative rainfall that 
occurred 30 days earlier should be considered. The initial soil 
moisture does not seem to vary a lot.  
For some months, it is also possible to consider the cumulative 
rainfall over 5 rainy days. However, as this requires an even 
more precise time breakdown, it is less interesting for 
forecasting. 
As a close prospect, to improve the quality of deductions, it 
can be contemplated to increase the number of simulations and 
doing the same work with other DEM.  
Besides, another way to improve the predictability of the 
model is to couple TELEMAC-2D with a reservoir model such 
as MORDOR TS that produces continuous soil moisture 
indicators using past rainfall and evapotranspiration. This 
would overcome the difficulty of the TELEMAC-2D model to 
reproduce the hydraulic part. 
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